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H£Rr2/neu Breast Cancer Predictive Testing 
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Bach YEAR, bVER 182»000 women In ifaeUiiite()> States are ' 
diagnosed. with breast cancer/and approximately 45,000.die 
of the disease. I Incidence ajspears to be increasing in the 
United States at a rate of rou^ly 2% per year The reasons 
for the increase are nnclear, but non-genetic risk Actors appear 
' to play a la]]ge zolel^ 

Five-year snrvival rates rang,e from approximatefy 65%^ 
85%> depending on detnographic ghnip. with a significant 
percentage^ of women experiencing recimrence of their cancer 
withhi 10 years of diagntisis. One of &e factors most piedic- 
the for reciuiience once a diagnosis of breast .caneor has been 
made is the number of axillaiy 1ynq>h nodes to which tumor 
has metastaisizedl Most noderpod^ women are given adju^ 
vant'lherapy» which increases then* surviyaL However 20%- 
30% of patients without axiUaiy node involvement also 
develop recurrent idisease^and die difflculiy lies in how to iden- 
tify tfiifi high-risk subset of patients. These patients cou)d 
benefit- ftom.mcieased surv early intervention, and 

treatment • • ' .\ 

Prognostic marioers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade> steroid 
homlone receptor status, DKA ploidy, proliferative index, and 
cathepsinD status. Expression of growth factor receptors and 
over-expression of the H£R-2/hcu oncogene have also been 
identified as having value regarding treatment r^men 9nd* 
prognosis. 

, H£ft^2/iareu (also known as o-e^ 
encodes a transmembrane ^ycoprSeln that is homologous 
to, bat distinct from, the epidermal growth flictbr recq>toh 
Numerous stndies .lmve indicated diat high levels of ejqyres- 
sion of this protein are aissoctated with rapid mmor growth, 
certain forms of therapy resistance, ond shorter disease^fiee 
sUryivaL The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60%of;intraductal breast carcinbraa.^ 

There are two distinct FDA-approved methods by. which 
. HER-2/nen status can be evahiated: imniunohistochemisiry 
(IHC, MetcepTest**^ and FISH (fluorescent in situ hybridiza- 
Hon, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first meftod allows visual 
assessment of the an^oiint of'HBR«2/neu protein present on . 
the cell memlnrane. Itie latter method, allows direct quantifi- 
cation of the level of gene.ampliiication present in the tumor; 
enabling differentiation between low- versus high-amplifica- 
tidh. At least oiije study has dempnstrated a difference |n 



recunence risk m women younger than 40 years of age for 
low- versus liigh-arnplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2Aieu gene amplificatioiL^ HBll-2/hea 
status may be particularly importantio establi:^ h women with 
small (^l/cm) tumor size. . * 

The. choice of methodology, for determination of HKEt-2/ 
neu status depends in part on the clinical setting. FDA approval 
fox fhe Vysis FISH test was granted based on clinical ^als 
iiwcilvingi 1 549 node-positive {latients. Patients received one 
of three mfTc^t treatments consisting dTdifiRsrent doset of 
^cyclopho$phamide» Addamycin, and 5-fluorouracil (CAP). 
The study showed Oiat patients with amplified HHft-2ynea 
benefited from treatment with higher doses of ^drlamycin- 
based thwrapy, while those vwthjiormal HER-2/neu levels did 
not: The study thei:efote identified a sub^set of women, who 
because they did not benefit fr6m more aggressivp treatment; 
did nof need to be exposed to the associate side effects/lii: 
addition^ other evidence indicates that HHR-2/ne)ii ainplifica- 
tibfi til node-neg^ttve pati^ts can be used as an independient 
prognostic indicator for eaj-ly recurrence, recurrent dise^e at 
any time and disease-related deatk^ Demonstration of HER* 
2^eu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast canber patients. • 

. SelMtiofi of padents for Herceptto^CIVastuzumab) mono- 
clonal antibody therapy, however, is based upon dcmensim?" 
tic^ 6iPHBR-2Meu protein overexpre^on u^g Hm 
Studies using Herceptin^ in patients with metastatic breast 
cancer show an increase in time to disease priigressipn, 
increased respoiise rate to chemotherapeutic agents and a anall 
increase in overall survival rate. The FI3H assays hsye n($ yet 
been approved for this purpose, and studies lookhig' at response 
JO Herceptitt^ in patients with or without gene amplifrcation ' 
status determined by FISH are in progress* 

In general, FISH and IHC results conelate well. However, 
. subsets of tumors are found which show dlscojrdiaht results; 
i;e., jMOtein ovierexpression without gene amplificalioh or lack 
of protein oycrexprcssion with gene amplification. The Clini- 
cal significance of such results is .unclear. Based on flie above 
considerations, HER**2/neu testmg at SHMCVPAML will utl^ 
lize immunohistochemistry (Het^epTest^ as a screen, foU 
lowed by FISH in IHC-aegative cases. Alternatively, either 
method may be ordered mdividually dependmg on the clud* 
cat setting or clinician prefmnce. 
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CPT code infomatioil 

H£R«2/oeit via mC 
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H£R-2/iieii via FISH 3 

'88271 )(2 Molecular ip>i<ygenetfcs,DNA probe, each 
'88274 ' Molecular cytogenetics, interphase in situ hybrid* 

ization, analyze 25-99 celts ^' 
. 88291. Qrtogenetics and molecular cytogenetics, interpret 

tation an<j[ report 

Procedural Information 

InujQunohi stochemistiy is performcid vsing the FDA-approved 
DAKO antibody kit» HerceptcstO, The DAKO kit contaips 
reagents required tQ complete a two-step immimohiatoi- 
chemical staming proc^dqre forxoutinely processed, parafiiiio 
embedded specimens^Following jncmbation 
rabbit antibo^ to hnmaaHER-2/nett pro 
a rcady-to^vse dextran-based visualization reag^t: This jre- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextian polyiner backbone^ thus eliminating the need 
. for sequendal api^icatioii of link, antibody and pvo3(idase 
conjugated antibody. ]Bii2ymatic conversion of the snbse- . 
qnently added chromogen resnlts in formation of visible 
reaction product at the antigen site. The spechnen iis then conn* 
terstained; a pa&ologist using light-microscopy interprets . 
.f^ts. 

FISH analysis at SHMC/PAML is performed usmg the 
FDA-apprbved PadiVysion™ HBR-2/neu DNA probe kit, pro- 
duced by Vysis^ IncFormalin JBiied, paxaffin^mbedded bteast 
tissue teprocessedusingrontine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
niidei present in the tissue section. The Pathvysion^ kit con* 
tatbs two ^rect-labeled DNA probes, one qseeifiG for the 
alphoid repetitive D>^ (CEP 17».]$p6Gtnim.(n^ 
die chrompspine^t^^^ta^ere and the second fbr tfie HER- 
2/neu oncogene located at I7q 1 1 j^^l 2 (spectrum green). Eim- 
meiadon of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER*2/nea to . 
be obtained; this (gables quantification of low versus high 
* amplification levels, and allows an estimate of the percentage ' 
of cells with H£R-2/neu gene amplification. The clinically 
relefvant distinction is whether the gene amplification is due 
to increajfted gene copy number on the two chromosome 17 
. homolbgues normally present or an increase in the numbdr.of 
chromosome 17s In the cells. In die Majority of cases, ratio 
equivalents less than 2.0 are indicaUve of a normal/negative 
result, ratios of 2.1 'and over indicate that amplification is 
present and to what d^ee. liitopretation of this data will be 
performed tod reported from the Vysts^certified Cytogenet* 
ICS laboratoiy at SHMC. 
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